Fallopia species which belong to the Polygonaceae family have several data related to their use in the Asian herbal medicine. In this work, some histological and phytochemical parameters of Fallopia japonica, F. sachalinensis, and F. × bohemica were analysed and compared. Rhizome and leaf samples were collected before, during, and after the flowering period at 3 habitats in Szombathely and 4 habitats in Baranya County, Hungary. The main histological characteristics of the stem, leaf and petiole were studied by light microscopy in cross section. Total tannin and anthraquinone contents were determined according to the official methods of the Hungarian Pharmacopoeia VIII th (equal to the European Pharmacopoeia 6 th ). No species-specific markers were found in any plant part. In the rhizome, the highest tannin content was measured in Japanese knotweed, followed by Bohemian and giant knotweed in each period. The tannin content measured in each plant was higher in the leaves than in the rhizomes except F. japonica. The rhizome of F. japonica had the highest anthraquinone content before the flowering period, followed by F. × bohemica and F. sachalinensis. According to earlier and our preliminary data, Fallopia taxa are of great therapeutic promise in the future.
F. sachalinensis (F. Schmidt) L.P. Ronse Decr. (giant knotweed) is native to South Sakhalin and Northern Japan [5, 6] ; and it occurs only rarely in Europe. In Hungary -except botanical gardens -only two wild habitats of the species are known nowadays [5] , but it was collected in a new habitat in our field work, which has not been published in Hungary up to the present. Bohemian knotweed (F. × bohemica (Chrtek&Chrtková) J.P. Bailey) is the hybrid of Japanese and giant knotweed. It has been developed in Europe, and nowadays it is widespread in Hungary [5, 6] .
Fallopia species are dioecious, herbaceous and perennial (geophytes) plants with far-reaching and laterally spreading rhizomes. They have an erect and thick stem, which has no leaf at the bottom part. The leaf is broad, elongated or ovate with entire margins and a more or less cuspidate apex. The creamy-white flowers are arranged in partial inflorescence forming a panicle [5, 7] . Concerning the distinctive features [1] , F. japonica grows above 2 m only occasionally, while F. × bohemica may grow even up to 4.5 m [5] . F. sachalinensis can grow higher (4-5 m) in Europe than in its native habitats [6] . Leaves of F. japonica are stiff and leathery, while those of F. sachalinensis are soft. The leaves of F. × bohemica have an intermediate texture compared to the corresponding features of the parent taxa [5] . Considering the leaf size, F. japonica has the smallest leaves (8-15 cm long and 5-12 cm wide) compared with the length of the leaf of F. sachalinensis (>30 cm) and F. × bohemica which has an intermediate size of leaf (10-23 cm long and 9-20 cm wide) [1, 5] . In addition to these parameters, the mid-stem leaves are the most useful parts for the correct identification and discrimination of the studied species. In F. japonica, they are alternate, broadly-ovate with truncate or cuneate leaf base [1] and cuspidate apex. In F. sachalinensis, they are elongated or ovate with acuminate or obtuse apex and cordate leaf base. F. × bohemica has broadly ovate and acuminate mid-stem leaves, with truncate or cuneate apex in upper leaves, and slightly cordate base in lower leaves [5] . Several secondary metabolites were detected in F. japonica and F. sachalinensis [8] , such as catechin, epicatechin, chlorogenic acid, caftaric acid, and quercetin derivatives in the methanolic extract of the leaves [6] . Stilbenes (resveratrol and piceid), their glycosides and anthranoids (emodin, physcion, anthraglycoside B) were found in F. japonica [9] , while the flowers of F. sachalinensis contain various flavonoids [6] .
According to earlier data, Fallopia taxa offer great therapeutic promise in the future. Knotweeds have traditionally been used in Asia to treat skin burn, gallstone, hepatitis, inflammation, and osteomyelitis [9] . Several pharmacological effects of F. japonica have already been proved such as lipid regulating, anti-shock, anti-inflammatory, antioxidant, anticancer, hepatoprotective, antiviral, antibacterial, and antifungal effects [10] . F. japonica is used in the Chinese herbal medicine for infection, tumours, hypertension, bleeding, hyperlipidaemia [9] , and burns [5] . The methanolic extract of its root was reported to inhibit dental biofilm formation, which is responsible for subsequent dental caries [6] . The aim of this work was to study the histological features of the leaf, petiole and stem, as well as tannin and anthraquinone content in the selected Fallopia species.
Among the studied histological characteristics, several features were similar to each other in all species (Figure 1 palisade and spongy cells with intercellular spaces, collateral closed bundles and calcium oxalate crystals forming. Mesomorphic stomata were found on the abaxial surface of the leaves (hypostomatic leaf). The epidermal cells of the leaf areanisodiametric, palisade cells are three times higher than wide. Spongy cells are isodiametric.
Concerning the distinctive histological features, the leaf of F. japonica (Figure 1a ,b) was thicker than that of F. × bohemica and F. sachalinensis (Figure 2a ,b, 3a,b). The difference in the thickness of the leaf (Figure 4 ) was significant only between F. japonica and F. sachalinensis (F = 7.35, p = 0.0021). F. japonica contained the biggest calcium oxalate crystals in the mesophyll (F = 8.77, p = 0.0009). In the petiole, the area of the small vascular bundles significantly differed in the taxa (Figure 1c , 2c, 3c): the largest one was found in F. × bohemica, while the smallest one was in F. japonica (F = 50.62, p = 7.926E-11). The width of the epidermal cells of F. japonica significantly differed from that of the other species but there was no significant difference between F. sachalinensis and F. × bohemica (F = 62.77, p = 3.353E-12) ( Figure 5 ). The highest epidermal cells were detected in F. japonica, but they were similar in their height in the other plants (F = 22.06, p = 5.269E-07).
In the stem, the thickness of the lamellar collenchyma was significantly the narrowest in F. japonica, but there was no conspicuous difference between F. sachalinensis and F. × bohemica (Figure 1d , 2d, 3d) (F = 12.10, p = 0.0003). Significant difference was detected in the width of the epidermal cells (it was the biggest in F. japonica) (F = 90.83, p = 3.004E-14), while the height of the epidermal cells differed only in the stem of F. japonica and F. sachalinensis (F = 7.21, p = 0.0023) ( Figure 6 ). In the rhizome, the highest tannin content was measured in F. japonica (6.1%, 5.4%, 4.6%), followed by Bohemian (3.9%, 3.8%, 3.0%) and giant (2.1%, 1.6%, 0.5%) knotweed in each period. The tannin content was higher in the leaves than in the rhizomes of Bohemian and giant knotweed, but the largest amount of these compounds could be found in the rhizome of F. japonica, except one habitat (Szombathely 1), where the leaves contained more tannins than the rhizomes (Table 1) .
Histological and phytochemical study of Fallopia species Natural Product Communications Vol. 11 (2) 2016 253 In Fallopia japonica, the tannin content of the rhizomes and the leaves was the highest before the flowering period and it decreased during the flowering period. In the case of the first habitat, this decrease was also detected after the flowering period, contrarily to the second and third habitats, where tannin content was higher after the blooming period.
The tannin content of the leaves in F. sachalinensis was lower during the flowering (3.9%) and it was the lowest after this period (1.3%). The rhizome of giant knotweed contained less tannins in blooming (0.5%), but a rise was observed after this period (1.6%).
Compared to its two parent species, a higher tannin content was detected in the leaf of the hybrid F. × bohemica, but a lower amount was measured in its rhizome, which was between the values of the parent taxa. In addition, the leaves contained more tannins than the rhizomes, and the change in tannin content was variable in several periods involving increasing and decreasing tendencies in this species.
The anthraquinone content, which was measured only in the rhizome of the plants, was the highest before the flowering period, and it decreased during blooming in each species (except F. sachalinensis with constant values) ( Figure 7 ). After blooming, both increase and decrease were observed in the values. The rhizome of F. japonica had the highest anthraquinone content, followed by F. × bohemica and F. sachalinensis. In conclusion, our comparative study pointed to the fact that the histological characters of the stem, leaf, and petiole of the selected three Fallopia species are close to each other in presence and shape, thus no species-specific histological parameters were found. However, some parameters were proved to be quantitatively different in the plants. The tannin content of each species was variable in the rhizome and the leaf in the selected vegetation periods. Concerning the anthraquinone content, the rhizomes of F. japonica contained the highest amount of anthraquinones before the flowering period, so its rhizome can be of importance as an appropriate herbal drug part. These preliminary results give new data for the histological and phytochemical characters of the selected knotweed species, which can be completed with other analyses in the future. Microscopical preparation and chemicals: The stems, petioles and middle blade of the leaves were cut into 2 cm pieces [11, 12] . Samples were fixed in a mixture of 96% ethanol : glycerine : water (1:1:1), then they were dehydrated in ethanol series (in 30, 50, 70, and 96% for 12, 12, 24, and 3 hours, respectively), and infiltrated with Technovit 7100 solution. Finally, they were embedded into a resin containing hydroxyethyl methacrylate [11] . Transverse sections (10 μm thick, 18-20 slides per plant parts) were prepared by a rotation microtome (Anglia Scientific 0325) [13] . Sections were stained in toluidine blue (0.02%) for 5 minutes, washed with distilled water (for some seconds), 96% ethanol (two times for 3 minutes each), isopropanol (for 2 minutes), and xylene (for 3 and 10 minutes). Finally, the samples were covered with Neomount. Slides were examined by NIKON Eclipse 80i microscope and micrographs were taken with Spot Basic 4.0 software.
Experimental
Morphological and histological data were measured by Image Tool 3.0 software. Mean data were demonstrated on diagrams with SD values. The studied parameters were the following: the height and width of the epidermal cells in each plant part, the area of the vascular bundles and thickness of the collenchyma in the stem, as well as the height and width of the crystals, and palisade and spongy cells of the mesophyll of the leaf.
Phytochemical evaluation
Plant materials: Plant samples (rhizome, leaf) were collected before, during and after the flowering period at 3 habitats in Szombathely (F. japonica) with the assistance of the botanist Lajos Balogh, and at 4 habitats in Baranya County (F. × bohemica:
Gesztenyés/Pécs, Hird and Magyarhertelend, and F. sachalinensis along the cycle path between Pellérd and Pécs) in the summer and autumn of 2012. This habitat of F. sachalinensis was described as a new habitat of the species in Hungary.
Determination of total polyphenol and tannin content:
The tannin content of the rhizome and leaf was analysed according to the official method of the Hungarian Pharmacopoeia VIII th (equal to Ph. Eur. 6 th ) in each species.
Plant parts were cleaned, dried, and ground at room temperature before the examinations. The extracts were prepared from 1.0000 g of powered drugs and mixed with 1.0 ml of Folin-Ciocalteu reagent and 290 g/L sodium carbonate solution. After 30 min, the absorbance was measured at 760 nm, and distilled water was used as compensation fluid. The percentage content of tannins was expressed as pyrogallol equivalent [14, 15] . Both total polyphenols and polyphenols not absorbed by hide powder were determined. All measurements were carried out in duplicate.
Determination of anthraquinone content:
The anthraquinone content of the rhizome was analysed according to the officinal method of the Hungarian Pharmacopoeia VIII th (equal to Ph. Eur. 6 th ). The extracts were prepared from 0.05 g of powdered drugs. Absorbance was measured at 530 nm after 30 min, and distilled water was used as compensation fluid.
Statistical analysis:
The measured features were compared with One-way ANOVA with Tukey's pairwise comparisons. The normality of data series was checked by using Shapiro-Wilk test. All statistics were calculated with Past statistic software, version 2.17b [16] .
